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SUMMARY. The pathogenesis of six Newcastle disease virus (NDV) isolates recovered
from chickens (Ckn-LBM and Ckn-Australia) and wild (Anhinga) and exotic (YN parrot,
pheasant, and dove) birds was examined after the isolates had been passaged four times in
domestic chickens. Groups of 10 4-wk-old specific-pathogen-free white leghorn chickens were
inoculated intraconjunctivally with each one of the isolates. The infected birds were observed
for clinical disease and were euthanatized and sampled at selected times from 12 hr to 14
days postinoculation or at death. Tissues were examined by histopathology, by immunohis-
tochemistry (IHC) to detect viral nucleoprotein (IHC/NP), and by in situ hybridization to
detect viral mRNA and were double labeled for apoptosis (terminal deoxynucleotidyl trans-
ferase-mediated dUTP nick end labeling ([TUNEL] or IHC/caspase-3) and viral nucleopro-
tein (IHC/NP). Birds infected with the three low virulence viruses (Ckn-LBM, YN parrot,
and Ckn-Australia) did not develop clinical disease. Microscopic lesions were observed only
at the inoculation site and in organs of the respiratory system. The detection of viral nucle-
oprotein (N) was restricted to the inoculation site. The pheasant and dove isolates were
highly virulent for chickens with marked tropism for lymphoid tissues, confirmed by the
presence of large numbers of cells positive for viral N protein and viral mRNA. Viral N
protein was detected early in the cytoplasm of cells in the center of the splenic ellipsoids.
The apoptosis assays (TUNEL and IHC/caspase-3) showed increased apoptosis in the splenic
ellipsoids as well. Apparently, apoptosis is an important mechanism in lymphoid depletion
during NDV infection.

RESUMEN. Patogénesis de virus de la enfermedad de Newcastle replicados en pollo,
obtenidos a partir de pollos y aves exóticas y salvajes.

Se examinó la patogénesis de seis aislados del virus de Newcastle obtenidos de pollos (Chk-
LBM y Chk-Australia), aves salvajes (Anhinga) y aves exóticas (YN cotorra, faisán y paloma)
luego de haberse realizado cuatro pasajes de los mismos en pollos domésticos. Se inocularon
grupos de 10 aves del tipo leghorn, libres de patógenos especı́ficos, de 4 semanas de edad
mediante inyección en la conjuntiva ocular con cada uno de los aislados. Se observaron las
aves infectadas para determinar la presencia de signos clı́nicos, y se realizaron varias tomas
de muestras, después del sacrificio, en el periodo comprendido entre las 12 horas y 14 dı́as
después de la inoculación, o al momento del deceso de las aves. Las muestras de tejidos
fueron examinadas mediante histopatologı́a, mediante la técnica de immunohistoquı́mica para
la detección de la nucleoproteı́na viral, mediante la técnica de hibridación in situ para la
detección del ARN viral y fueron sometidas a un doble marcado para la detección de apop-
tosis (técnica de TUNEL, e hibridación in situ para caspasa 3) y la nucleoproteı́na viral. Las
aves infectadas con los tres virus de baja virulencia (Chk-LBM, YN cotorra y Chk-Australia)
no presentaron signos clı́nicos de enfermedad. Solo se observaron lesiones microscópicas en
el sitio de la inoculación y en los órganos del sistema respiratorio. La detección de la nu-
cleoproteı́na viral solo fue posible en el lugar de la inyección. Los aislados de faisán y paloma
fueron altamente virulentos en los pollos en los cuales se observó un tropismo marcado del
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virus por el tejido linfoide, confirmado por la presencia de un gran número de células positivas
a la presencia de la nucleoproteı́na y ARN viral. La nucleoproteı́na viral pudo ser detectada
en las fases tempranas de la enfermedad en el citoplasma de las células de los centros de los
elipsoides esplénicos. Las pruebas de apoptosis (TUNEL e hibridación in situ para caspasa
3) también demonstraron un aumento de la apoptosis en los elipsoides esplénicos. Aparen-
temente, la apoptosis es un mecanismo importante en la depleción de los tejidos linfoides
durante la infección por el virus de Newcastle.

Key words: apoptosis, avian paramyxovirus-1, avian virology, chickens, double labeling,
immunohistochemistry, in situ hybridization, Newcastle disease, pathogenesis, veterinary pa-
thology

Abbreviations: APMV-1 5 avian paramyxovirus type 1; BCIP 5 5-bromo-4-chloro-3-
indoylphosphate; BHI 5 brain–heart infusion; CALT 5 conjunctiva-associated lymphoid
tissue; DPI 5 days postinoculation; EAC 5 ellipsoid-associated cell; GALT 5 gut-associated
lymphoid tissue; HA 5 hemagglutination; HI 5 hemagglutination inhibition; HPI 5 hours
postinoculation; ICPI 5 intracerebral pathogenicity index; IHC 5 immunohistochemistry;
IHC/NP 5 immunohistochemistry to detect viral nucleoprotein; ISH 5 in situ hybridization;
N 5 nucleoprotein; NBT 5 nitroblue tetrazolium; ND 5 Newcastle disease; NDV 5 New-
castle disease virus; SEPRL 5 Southeast Poultry Research Laboratory; SPF 5 specific-path-
ogen free; TUNEL 5 terminal deoxynucleotidyl transferase-mediated deoxyuridine triphos-
phate nick end labeling; WL 5 white leghorn; YN 5 yellow nape

Newcastle disease (ND) is one of the most
important avian viral diseases because of its eco-
nomic impact on the poultry industry. New-
castle disease virus (NDV) is synonymous with
avian paramyxovirus type 1 (APMV-1) (1,2)
and has been classified in the order Monone-
gavirales, family Paramyxoviridae, subfamily Pa-
ramyxovirinae, genus Rubulavirus (1,2,21).
However, some authors have proposed that
NDV should have its own genus within the
family Paramyxoviridae (22,28,33).

The clinical signs and gross or microscopic
lesions observed in birds infected with NDV
are not specific for ND. The clinical disease
might range from subclinical infection to 100%
mortality in a short period of time. Many fac-
tors related to the host (species, age, and im-
mune status), virus strain (pathotype, dosage,
and route of infection), and environmental or
social stress can influence the severity and the
course of the disease as well as the occurrence
and distribution of the lesions (1,2,9).

When six NDV isolates recovered from
chickens and exotic and wild birds were se-
quentially passaged in 2-wk-old white leghorn
(WL) chickens by the intramuscular route of
inoculation (13), the moderately virulent dove
isolate became highly virulent for chickens. The
originally highly virulent pheasant isolate had
an increase in the intracerebral pathogenicity
index (ICPI) and the intravenous pathogenicity
index. Virulence increase was not observed dur-

ing passages with the other four viruses studied
(13). In the present study, the same six NDV
isolates that were previously passaged in chick-
ens (13) were inoculated in 4-wk-old WL
chickens to assess clinical disease and pathogen-
esis after intraconjunctival inoculation, a more
natural route of infection.

MATERIALS AND METHODS

Eggs and chickens. The source of embryonated
chicken eggs and chickens was the Southeast Poultry
Research Laboratory (SEPRL) specific-pathogen-free
(SPF) WL flock. Embryonated eggs were utilized for
virus amplification of chicken-passaged virus. Chick-
ens were inoculated for the pathogenesis study and
housed in negative-pressure isolators under BSL-3 ag-
riculture conditions at SEPRL and provided feed and
water ad libitum (3,12).

Viruses. Six chicken-passaged isolates of NDV
were previously characterized by the OIE criteria for
virulence as low virulence viruses and virulent viruses
(13). The low virulence isolates were chicken–live
bird market (Ckn–LBM) (APMV-1/chicken/
U.S.[PA]/92-31003/92), a chicken isolate (ICPI 5
0.00) from a live bird market in Pennsylvania, 1992;
yellow nape parrot (YN parrot) (APMV-1/parrot/
U.S.[TX]/96-22027/96), an isolate from a smuggled
yellow nape parrot (ICPI 5 0.24) in Texas, 1996;
and Ckn-Australia (APMV-1/chicken/Australia/98-
09-14-1110/98), a chicken isolate (ICPI 5 0.05)
from Australia, 1998.

The virulent isolates were anhinga (APMV-1/an-
hinga/U.S.[FL]/93-44083/93), isolated from an an-
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hinga (ICPI 5 1.31) at a commercial marine park in
Florida, 1993; pheasant (APMV-1/pheasant/U.S./
F98-1208/98), isolated from an exotic pheasant
(ICPI 5 1.88), 1998 (29); and Dove (APMV-1/
dove/U.S./9248-10/98), isolated from an exotic dove
(ICPI 5 1.60) in a quarantine station, 1998. The
reference velogenic viscerotropic Fontana strain (11)
(APMV-1/chicken/U.S./CA1083[Fontana]/71; ICPI
5 1.80) was inoculated in a group of birds for com-
parison. The isolates Ckn-LBM, YN parrot, anhinga,
and dove were provided by the U.S. Department of
Agriculture, Animal and Plant Health Inspection Ser-
vice, National Veterinary Services Laboratories, Ames
IA. The Ckn-Australia isolate was received from Paul
Selleck, Commonwealth Scientific and Industrial Re-
search Organization, Australian Animal Health Lab-
oratory at Geelong, Victoria, Australia.

Pathogenesis experiment. The viruses studied
here were passaged four times in chickens as previ-
ously described (13). Briefly, three viruses (anhinga,
pheasant, and dove) were passaged in 2-wk-old SPF
WLs by intramuscular inoculation of infective spleen
homogenates recovered from the previous passage.
The other three viruses (Ckn-LBM, YN parrot, and
Ckn-Australia) were passaged in 2-wk-old SPF WLs
by a modified passage procedure. The inoculum was
egg-amplified virus recovered from spleens or cloacal
swabs from the previous passage and administered by
the eyedrop/intranasal route.

Infective amnioallantoic fluid from the fourth
chicken passage was prepared for inoculation into six
groups of 10 4-wk-old SPF WLs. After dilution in
brain–heart infusion (BHI) broth, approximately
105.0 50% embryo infective dose was inoculated in-
traconjunctivally (0.1 ml/bird). One group of 10 4-
wk-old birds served as noninfected controls. With all
six isolates, the disease was followed serially by ex-
amining tissues from birds euthanatized (two per day)
at 2, 5, 10, and 14 days postinoculation (DPI) or at
death.

With the pheasant and dove isolates, an early path-
ogenesis study was performed by intraconjunctival in-
oculation (0.1 ml/bird) of two groups of eight 4-wk-
old chickens. Birds were euthanatized (two per day)
at 12, 24, and 36 hr postinoculation (HPI) and at 2
DPI. One group of eight 4-wk-old birds was infected
with the Fontana strain for comparison. One group
of eight 4-wk-old birds served as noninfected con-
trols.

Necropsies were performed immediately postmor-
tem and the following tissues were collected and fixed
by immersion in 10% neutral buffered formalin for
approximately 48–52 hr: spleen, thymus, bursa, low-
er eyelid (including conjunctiva and skin), Harderian
gland, esophagus, ingluvium, proventriculus, pancre-
as, small intestine, cecal tonsils, large intestine, caudal
thoracic air sac, breast and thigh muscles, comb, tra-
chea, lung, heart, liver, kidney, brain, turbinates (in-

cluding nasal mucosa), and bone marrow (femur).
The sections of femur and turbinates were decalcified
in 5% formic acid for 3–4 hr. All sampled tissues
were routinely processed into paraffin, and 3-mm sec-
tions were cut for hematoxylin and eosin staining,
immunohistochemistry (IHC), in situ hybridization
(ISH), and apoptosis assays.

Virus isolation, titration, and hemagglutina-
tion–inhibition (HI) test. Immediately prior to eu-
thanasia, oropharyngeal (oral) and cloacal swabs were
obtained from each bird and placed in a tube con-
taining 1.5 ml of BHI with antibiotics (2000 units/
ml penicillin G, 200 mg/ml gentamicin sulfate, and
4 mg/ml amphotericin B; Sigma Chemical Co., St.
Louis, MO). Swab fluids were centrifuged at 1000 3
g for 20 min, and undiluted supernatant was inoc-
ulated into 9-to-10-day-old SPF embryonated chick-
en eggs and incubated for 7 days. Virus infectivity
titers of inoculum during the experiments were cal-
culated from the results of inoculation of 9- or 10-
day-old embryonated eggs with serial 10-fold dilution
in BHI containing antibiotics (100 units penicillin
G/ml and 50 mg gentamicin sulfate/ml). NDV-in-
fected dead or surviving embryos were identified by
hemagglutination (HA) activity in amniotic–allantoic
fluid harvested from chilled eggs. NDV was con-
firmed in HA-positive samples by the HI test with
NDV-specific antiserum (10). At 10 and 14 DPI,
birds were bled immediately prior to euthanasia. The
infection of all inoculated birds was confirmed by
virus isolation or by seroconversion (HI test). The
HI test was conducted by conventional microtiter
methods (10).

IHC. All sampled tissues were examined by IHC
by the following protocol to detect viral nucleopro-
tein (IHC/NP). After deparaffinization, tissue sec-
tions were subjected to antigen retrieval by micro-
waving for 10 min at full power in Vector antigen
unmasking solution (Vector Laboratories, Burlin-
game, CA) followed by blocking with universal
blocking reagent (Biogenex, San Ramon, CA) as rec-
ommended by the manufacturer. Incubation with the
primary antibody, an anti-peptide antibody made in
rabbit (12) and used at 1:8000 dilution, was over-
night at 4 C or for 2 hr at 37 C. After washing,
sections were incubated with biotinylated antibody
against the species in which the primary antibody was
made and then with avidin–biotin–alkaline phospha-
tase (Vector Laboratories). Substrate was Vector Red
(Vector Laboratories). Sections were counterstained
lightly with hematoxylin and coverslipped with Per-
mount for a permanent record.

Double labeling for detection of apoptosis
and viral protein. The TUNEL (terminal deoxy-
nucleotidyl transferase-mediated deoxyuridine tri-
phosphate nick end labeling) assay (24) (Boehringer
Mannheim, Indianapolis, IN) was utilized to detect
apoptosis in sections of lymphoid organs (spleen,
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bursa, and thymus) of Fontana-, pheasant-, and dove-
infected birds. The tissue sections were microwaved
for 10 min at full power in Vector antigen unmasking
solution (Vector Laboratories). After washing, the
sections were incubated with TUNEL reaction mix-
ture for 1 hr at 37 C. Converter-AP was added to
the slides for 30 min at 37 C. The development was
with chromogen/substrate nitroblue tetrazolium
(NBT) and 5-bromo-4-chloro-3-indoylphosphate
(BCIP). After the TUNEL assay was performed, the
tissue sections were washed and stained by the IHC/
NP protocol as described above, starting at the block-
ing step. Sections were counterstained lightly with
hematoxylin and coverslipped with Permount for a
permanent record.

Sections of the spleen were also double labeled by
two sequential rounds of IHC to detect apoptotic
cells (IHC/caspase-3) and viral N protein (IHC/NP).
In the first round of IHC, deparaffinized spleen sec-
tions were treated with 3% hydrogen peroxide and
then subjected to antigen retrieval followed by block-
ing as described in the IHC/NP protocol. Incubation
with the primary antibody, a rabbit polyclonal anti-
active caspase-3 antibody (Promega, Madison, WI) at
1:350 dilution (14), was for 2 hr at 37 C. After wash-
ing, sections were incubated with biotinylated anti-
body against the species in which the primary anti-
body was made and then with elite-PO (Vector Lab-
oratories). Substrate was diaminobenzidine (Vector
Laboratories). After the IHC/caspase-3 protocol was
performed, tissue sections were washed and a second
round of IHC was performed by the IHC/NP pro-
tocol as described above, starting at the incubation
with the primary antibody. Sections were counter-
stained lightly with hematoxylin and coverslipped
with Permount for a permanent record.

ISH. Selected tissue sections of birds infected with
three of the virulent viruses (pheasant, dove, and
Fontana) were stained with a negative-sense digoxi-
genin-labeled 850-base riboprobe representing the 59
end of the matrix gene of NDV Fontana (CA 1083)
strain as previously described (3,12,14). The matrix
gene from the Fontana strain was cloned into pCRII
transcription vectors (Invitrogen, Carlsbad, CA).
Anti-sense digoxigenin-labeled riboprobes were gen-
erated with RNA polymerase in the presence of la-
beled nucleotides. For ISH, tissue sections were de-
paraffinized, rehydrated, and digested with 30 mg/ml
proteinase K for 15 min at 37 C. Hybridization was
conducted overnight at 42 C with approximately 20
ng of probe in prehybridization solution. After strin-
gent washes, anti-digoxigenin alkaline phosphatase
was added to the sections. The development was with
chromogen/substrate NBT/BCIP. Tissues were coun-
terstained lightly with hematoxylin and coverslipped.

RESULTS

Clinical signs. Low virulence viruses. Nei-
ther clinical signs nor mortality was observed

in chickens inoculated with the Ckn-LBM, YN
parrot, and Ckn-Australia isolates.

Virulent viruses. Neither clinical signs nor
mortality was observed in the anhinga-infected
birds. In the early pathogenesis study, clinical
signs were not observed in birds infected with
pheasant and dove isolates during the first 36
HPI. A few Fontana-infected birds had ruffled
feathers at 36 HPI, and birds had ruffled feath-
ers and hunched posture at 2 DPI. Mortality
was not observed in birds infected with the
Fontana strain during the 2-day observation pe-
riod, and all birds were euthanatized at that
time. With the pheasant isolate at 2 DPI, all
birds were slightly depressed and a few had
head twitching. At 3 DPI, all birds were de-
pressed, with diarrhea, and four birds had red-
dened and swollen conjunctiva. All the remain-
ing birds were found dead at 4 DPI. With the
dove isolate, all birds were slightly depressed
with ruffled feathers at 3 DPI. At 4 DPI, all
birds were very depressed. Five birds were
found dead at 5 DPI. One remaining bird was
very depressed. Clinical signs were not observed
in the noninfected controls.

Gross findings. Low virulence viruses. At 2
DPI, the infected birds had enlarged and dark
spleens and eyelid petechiation. At 5 DPI, there
were slight reddening of the eyelids, mild pul-
monary edema, and slight petechiation in the
thymus. At 10 DPI and 14 DPI, a few pete-
chiae were observed in the eyelids of all infected
birds.

Virulent viruses. At 2 DPI, chickens infected
with the moderately virulent anhinga isolate
had petechiae (eyelids and thymus), multifocal
hemorrhages (the thigh muscles), and small
spleens. At 5 DPI, infected birds had pulmo-
nary edema and hemorrhages on the thigh
muscles. Petechiae in the eyelids (10 and 14
DPI) and crusty dark spots on the comb tips
(10 DPI) were also observed.

In the early pathogenesis study with the
highly virulent pheasant, dove, and Fontana
isolates, infected birds had reddening and pe-
techiae in the eyelids at 12 HPI and foci of
reddening at the cecal tonsils and fluid intesti-
nal contents at 24 HPI. Petechiae and edema
in the eyelids, dark red foci at the serosal sur-
face of the cecal tonsils, fluid intestinal con-
tents, and large/mottled spleens were observed
at 36 HPI and 2 DPI.
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Widespread gross lesions were observed in
the chickens infected with both pheasant (4
DPI) and dove (4 and 5 DPI) isolates. There
were eyelid edema and reddening, dehydration,
muscle wasting, subcutaneous neck edema,
pale/mottled spleens, small/edematous thymus,
small bursa, pale bone marrow, and edematous
pancreas. Multifocal hemorrhages at the open-
ing of the mucosal glands was a very common
finding in the proventriculus. Other findings
were petechiation in the cloaca and reticulate
kidneys (interpreted to be urate deposits).

Histopathology. Low virulence viruses. Pul-
monary edema was detected at 10 and 14 DPI
in the Ckn-LBM–infected birds. In YN parrot–
infected birds, lymphoplasmacytic conjunctivi-
tis and tracheitis were observed at 2, 5, and 10
DPI. There was lymphoplasmacytic and hyper-
plastic airsacculitis at 10 (see Fig. 1) and 14
DPI. Australia-infected birds had lymphoplas-
macytic conjunctivitis (2, 5, and 10 DPI) and
lymphoplasmacytic and hyperplastic tracheitis
(5, 10, and 14 DPI).

Virulent viruses. The microscopic findings
observed in birds infected with the anhinga,
pheasant, dove, and Fontana isolates are sum-
marized in Table 1. With the anhinga isolate,
the main lesions observed were in the brain,
heart, and comb tips. In the pheasant- and
dove-infected birds, the main lesions observed
were in the lymphoid tissues and were charac-
terized by apoptosis, depletion, and lymphocel-
lular necrosis, as illustrated in Figs. 2, 3. Severe
bone marrow necrosis was another consistent
finding (Fig. 4). In birds inoculated with the
Fontana strain, the early microscopic findings
observed were in the nasal mucosa, cecal ton-
sils, conjunctiva-associated lymphoid tissue
(CALT), splenic ellipsoids, thymus, bursal fol-
licles, gut-associated lymphoid tissue (GALT),
and bone marrow. Microscopic lesions were not
found in the noninfected controls.

IHC/NP. Low virulence viruses. There were a
few IHC/NP-positive epithelial cells in the con-
junctiva at 2 (with YN parrot and Ckn-Austra-
lia isolates) and 5 DPI (with Ckn-LBM, YN
parrot, and Ckn-Australia isolates).

Virulent viruses. With the anhinga isolate,
IHC/NP-positive staining was detected only at
5 DPI in the cardiac myofibers and in the comb
epithelium. Detectable amounts of viral N pro-
tein, consisting of a few positive cells in the
lymphoid aggregates (eyelids and nasal muco-

sa), were observed in Fontana-infected birds at
36 HPI. In dove-infected birds at 36 HPI, a
few weakly positive cells were observed in the
nasal epithelium. In chickens infected with the
pheasant and dove isolates, the most striking
staining was observed in multiple organs at 2
(Fig. 5), 4, and 5 DPI. The lymphoid organs
and lymphoid aggregates (mostly GALT) were
the tissues with the largest amounts of viral N
protein at 4 and 5 DPI. The IHC results for
2, 4, and 5 DPI are summarized in Table 2
(only positive tissues are listed). The tissues of
the noninfected controls were negative by the
IHC/NP assay.

Double labeling. The double-labeled sec-
tions of the lymphoid organs of Fontana-,
pheasant-, and dove-infected birds stained with
the combined TUNEL-IHC/NP assays re-
vealed similar results for all three isolates. In
sections of the spleen, slightly to moderately in-
creased numbers of apoptotic cells (TUNEL-
positive) were observed mostly surrounding the
penicilliform capillaries in the ellipsoids at 2
DPI. Most of the TUNEL-positive cells were
negative for viral N protein at that time, but
were located in the neighborhood of IHC/NP-
positive cells. A few double-labeled cells, char-
acterized by black-stained nuclei (TUNEL pos-
itive) and red-stained cytoplasm (IHC/NP pos-
itive), were seen mostly in the ellipsoids at 2
DPI (Fig. 6). At 4 and 5 DPI, numerous wide-
spread splenic cells were positive either by IHC/
NP or the TUNEL reaction. Double-labeled
cells were more often seen and were randomly
distributed at that time. In the noninfected
controls, rare randomly distributed TUNEL-
positive cells were observed in the spleen sec-
tions, and all cells were negative for viral N
protein.

In sections of the bursa at 2 DPI, slightly
increased numbers of TUNEL-positive cells
were observed, mostly in the cortex of the fol-
licles. Scarce N protein–positive cells were ob-
served mostly in the medulla at this time. In
later infection (4 and 5 DPI), the number of
apoptotic cells was remarkably increased, espe-
cially in some follicles that were also more
strongly positive for viral N protein than in
others, as observed in Fig. 7. Double-labeled
cells were occasionally observed. In the nonin-
fected controls, a small number of TUNEL-
positive cells were detected, mostly in the fol-
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Fig. 1. Epithelial hyperplasia and multifocal lymphoplasmacytic and histiocytic infiltrates in the air sac of
a chicken infected with the YN parrot isolate at 10 days postinfection. Hematoxylin and eosin. Bar 5 60 mm.

Fig. 2. Apoptotic cells (arrows) and lymphoid cell depletion in the splenic ellipsoids of a chicken infected
with the pheasant isolate at 2 days postinfection. Hematoxylin and eosin. Bar 5 40 mm.

Fig. 3. Severe diffuse necrosis (arrows) of the thymus of a chicken infected with the dove isolate at 5 days
postinfection. Hematoxylin and eosin. Bar 5 90 mm.

Fig. 4. Severe multifocal necrosis of the bone marrow (femur) of a chicken infected with the dove isolate
at 4 days postinfection. Hematoxylin and eosin. Bar 5 90 mm.

Fig. 5. Viral nucleoprotein–positive cells (red stained) in the splenic ellipsoids of a chicken infected with
the dove isolate at 2 days postinfection. IHC, avidin–biotin–alkaline phosphatase, hematoxylin counterstain.
Bar 5 40 mm.

Fig. 6. Double-labeled cell with a red-stained cytoplasm (nucleoprotein positive; arrowhead) and an apo-
ptotic dark-stained nucleus (TUNEL positive; arrows) in the splenic ellipsoids of a chicken infected with the
pheasant isolate at 2 days postinfection. TUNEL assay and IHC (avidin–biotin–alkaline phosphatase), he-
matoxylin counterstain. Bar 5 10 mm.

Fig. 7. Large number of apoptotic cells (dark-stained nuclei) in a bursal follicle where viral nucleoprotein–
positive cells (red-stained cytoplasm) are also observed. Chicken infected with the dove isolate at 4 days
postinfection. TUNEL assay and IHC (avidin–biotin–alkaline phosphatase), hematoxylin counterstain. Bar
5 90 mm.

Fig. 8. Numerous cells (dark stained) are positive for viral mRNA in the bone marrow (femur) of a chicken
infected with the pheasant isolate at 4 days postinfection. ISH, hematoxylin counterstain. Bar 5 60 mm.

licular cortex, and all cells were negative for vi-
ral N protein.

In sections of the thymus at 2 DPI, slightly
increased numbers of TUNEL-positive cells
were observed in the cortex. Viral N protein
was detected in a few medullary cells at 2 DPI.
There were apoptotic cells in the vicinity of the
N protein–positive cells. In some birds, the
presence of TUNEL-positive and N protein–
positive cells was more striking in some thymic
lobes than in others after 2 DPI. Scattered TU-
NEL-positive cells were observed, mostly in the
cortex of noninfected controls. All cells were
negative for viral N protein in the controls.

With the combined IHC/caspase-3 and
IHC/NP in spleen sections, increased number
of apoptotic cells (brown-stained cytoplasm)
were observed in the ellipsoids at 2 DPI and
were located close to N protein–positive cells
(red-stained cytoplasm). The morphology (den-
drite shaped) and location of several IHC/cas-
pase-3–positive cells were compatible with the
ellipsoid-associated cells (EACs). Double-la-
beled cells were rarely observed by this method.
Caspase-3–positive cells were seen in small
numbers and were randomly distributed in the
spleen sections of the noninfected controls. Vi-
ral N protein was not detected in the controls.

ISH. The selected tissue sections of birds in-
fected with Fontana, pheasant, and dove iso-
lates stained by ISH confirmed the distribution

of the viral infection detected by IHC/NP. The
use of ISH was slightly more sensitive for de-
tecting early viral infection during the patho-
genesis study (first 2 DPI) than IHC/NP. More
striking ISH-positive staining was observed at
2, 4 (Fig. 8), and 5 DPI. The tissues of the
noninfected controls were negative by the ISH
assay.

DISCUSSION

This study was performed to assess clinical
disease and pathogenesis of six chicken-pas-
saged NDV isolates. Birds infected with three
low virulence viruses (Ckn-LBM, YN parrot,
and Ckn-Australia) did not develop clinical dis-
ease after intraconjunctival inoculation. Histo-
logic lesions were observed only in the inocu-
lation site and in organs of the respiratory sys-
tem. However, the detection of viral nucleopro-
tein (N) in affected organs was restricted to the
inoculation site. It is possible that the virus load
in the infected cells of other affected tissues was
too low to be detected by IHC. Previous studies
have demonstrated minimal positive staining
detected by ISH with two low virulence refer-
ence strains (B1 and QV4) (3).

Among the virulent viruses, the anhinga iso-
late showed moderate virulence for chickens af-
ter intraconjunctival inoculation. Although mi-
croscopic lesions were detected in the brain,
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Table 1. Microscopic findings in organs of birds infected with four virulent NDV isolates (anhinga,
pheasant, dove, and Fontana).

Isolate
Time

postinoculationA LesionsB

Anhinga 2, 5 DPI Mild lymphoplasmacytic encephalitis
5, 10 DPI Lymphoplasmacytic tracheitis; pustules (comb tips)
5, 10, 14 DPI Multifocal myocardial necrosis; lymphohistiocytic myocarditis

10 DPI Necrosis of Purkinje cells and other neurons, neuronophagia, gliosis, and peri-
vascular cuffing (cerebrum and cerebellum)

Pheasant 36 HPI Lymphoplasmacytic conjunctivitis; mucous rhinitis; lymphoid depletion (cecal
tonsils)

2 DPI Increased apoptosis (splenic ellipsoids, thymus, GALT, cecal tonsils) and lym-
phoid depletion (CALT, bursa, thymus) and lymphocellular necrosis
(CALT); conjunctivitis with epithelial necrosis; hyperplastic and mucous
rhinitis; necrotizing and lymphoplasmacytic laryngitis; lymphoplasmacytic
tracheitis; and bone marrow necrosis

4 DPI Severe diffuse necrosis of all lymphoid (with fibrin deposits and heterophils)
and hematopoietic tissues; conjunctivitis; necrosis and hemorrhage of the
proventricular glands; hemorrhages in the guts; pancreatic necrosis; necro-
tizing and lymphocytic myocarditis; cerebellar gliosis; and pustules (comb
tips)

Dove 24 HPI Mild conjunctivitis; multifocal hemorrhages (nasal mucosa)
36 HPI Mild multifocal necrosis and apoptosis (splenic ellipsoids); increased apoptosis

(thymus, bursal follicles, GALT, cecal tonsils); lymphoplasmacytic conjunc-
tivitis, laryngitis, and tracheitis

2 DPI Increased apoptosis (splenic ellipsoids and germinal centers, bursa, thymus,
cecal tonsils); lymphoplasmacytic conjunctivitis, tracheitis, and rhinitis

4, 5 DPI Severe diffuse necrosis of all lymphoid (with fibrin deposits and heterophils)
and hematopoietic tissues; pustules (comb); necrosis of osteoclasts (femur)

Fontana 24 HPI Edema and hemorrhage (nasal mucosa); multifocal hemorrhages (cecal tonsils)
36 HPI Increased apoptosis (CALT, thymus, bursal folicles); multifocal hemorrhages

and lymphoid depletion (cecal tonsils); pulmonary congestion and edema;
lymphoplasmacytic rhinitis, laryngitis, and airsacculitis

2 DPIC Eyelid edema and conjunctivitis; increased apoptosis and mild necrosis (splen-
ic ellipsoids); mild lymphoid depletion and necrosis (GALT, cecal tonsils);
mild multifocal necrosis (bone marrow)

ADPI 5 days postinoculation; HPI 5 hours postinoculation.
BGALT 5 gut-associated lymphoid tissue; CALT 5 conjunctiva-associated lymphoid tissue.
CAll birds were euthanatized at 2 DPI.

heart, trachea, and comb, viral N protein was
detected by IHC only in the heart and comb.
The absence of detectable viral N protein in the
brain might be because the most remarkable
brain lesions occurred late (at 10 and 14 DPI),
when NDV is rarely detected (3,34). Brown et
al. (3), working with the original anhinga iso-
late inoculated intraconjunctivally in chickens,
detected viral mRNA by ISH only in the spleen
(5 DPI) and heart (5 and 10 DPI). However,
during a passage study (13) with this virus, viral
N protein was detected in the eyelids, heart,
trachea, comb, and brain of chickens inoculated
intramuscularly. This fact shows that the route

of inoculation may also influence the sites of
viral replication, as previously suggested for
NDV (3).

The pheasant and dove isolates were highly
virulent for chickens during the early pathogen-
esis study (first 48 HPI) when compared with
the highly virulent Fontana strain, a psittacine-
origin virus that caused the California viscero-
tropic velogenic ND outbreaks in chickens in
the early 1970s (32). Although the Fontana-
infected birds presented clinical signs earlier
than the pheasant- and dove-infected birds,
mild gross lesions were observed at the inocu-
lation site at 12 HPI and microscopic lesions
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Table 2. ExtentA of viral infection characterized by the presence of NDV nucleoprotein (N) detected by
IHC in tissues from chickens inoculated with three different highly virulent NDV isolates (pheasant, dove,
and Fontana).

Affected tissue

PheasantB

2 DPI 4 DPI

Dove

2 DPI 4 DPI 5 DPI
Fontana
2 DPI

Comb
Eyelid
Harderian gland
Bursa
Cecal tonsils

2
1
1
1

11

1
111

2
111
111

2
1
2
2
1

1
11
2
1

111

1
11
1

11
111

2
1
2
2
1

Spleen
Thymus
Bone marrow
Tongue
Salivary gland

1
1
1
2
1

111
111
111

2
1

1
1
1
2
2

11
111
111

2
1

11
111
111

1
1

1
1
2
2
2

Crop
Esophagus
Proventriculus
Intestines
Pancreas

1
2
1

11
2

11
2

11
11
2

2
2
1
1
2

1
2

11
111

2

1
1

11
111

1

2
2
2
2
2

Kidney
Nasal turbinates
Larynx
Trachea

1
2

11
2

11
NSC

111
1

2
1
1
2

1
NS
11
1

111
NS
2
1

2
1
2
2

Air sac
Lung
Heart
Brain

2
1
2
1

2
11
1
1

2
2
2
2

2
1
2
1

1
11
1
1

2
2
2
2

A2 5 negative for NDV (N); 1 5 small amount of N; 11 5 moderate amount of N; 111 5 large
amount of N.

BAll infected birds were dead by 4 DPI.
CNS 5 not sampled.

were first observed at 24 HPI with all three of
these viruses.

Viral N protein and mRNA were first de-
tected (at 36 HPI) in large mononuclear cells
in the CALT and in lymphoid aggregates of the
nasal mucosa/turbinates of Fontana- and dove-
infected birds. It seems that the next areas in-
fected after intraconjunctival inoculation of
these highly virulent NDV isolates were the
lymphoid aggregates of the nasal mucosa/tur-
binates. This result might suggest the involve-
ment of macrophages in the replication and dis-
semination of NDV. Brown et al. (3) reported
evidence of extensive viral replication within
macrophages with subsequent spread to many
organs (mostly lymphoid tissues) in birds in-
fected with the viscerotropic velogenic patho-
type. An in vitro study reported that chicken
macrophages support the growth and replica-
tion of NDV. Intact virus particles were also

observed by electron microscopy in macrophag-
es exhibiting features of apoptosis (18).

On the basis of the number of organs positive
for viral N protein or mRNA at 2 DPI, detected
by IHC or ISH, respectively, the pheasant isolate
spread more rapidly throughout body tissues
than the Fontana and dove isolates. Disseminat-
ed gross and microscopic lesions in the lym-
phoid tissues showed marked lymphotropism, as
previously described with other highly virulent
NDV isolates (3,12,15,25). The lymphotropism
was confirmed by the presence of large numbers
of cells positive for viral N protein and viral
mRNA (detected by IHC and ISH, respectively)
in all lymphoid tissues. An interesting finding
was the presence of large amounts of viral anti-
gen and mRNA in areas where the vast majority
of the cells are lymphocytes, suggesting that
these cells are also permissive to viral replication
in vivo, as reported in vitro (16).
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Another prominent finding in our study was
the presence of large amounts of IHC/NP-pos-
itive and viral mRNA-positive cells in the bone
marrow (femur) of birds infected with the
pheasant and dove isolates. However, the pres-
ence of infected cells in the skeletal muscles ex-
amined was negligible. These findings are im-
portant when considering trade of fresh poultry
meat from countries where ND has been ob-
served in commercial poultry.

Although the ability of NDV to induce ap-
optosis and lysis of several types of neoplastic
cells has been the focus of many cancer therapy
studies (4,5,6,23,30), a relatively limited num-
ber of studies have reported the importance of
NDV-induced apoptosis in avian infected cells
or tissues (14,16,17,18,19,20,27). In this ex-
periment, an increased number of apoptotic
cells was observed microscopically in the splenic
ellipsoids, mostly at 2 DPI. The splenic ellip-
soids and especially the EACs (antigen-present-
ing cells) are the first localization of several dif-
ferent kinds of antigens, including infectious
agents, in the spleen of chickens (7). The ap-
optosis assays (TUNEL and IHC/caspase-3)
confirmed the increased number of apoptotic
cells in the ellipsoids at 2 DPI, and several
IHC/caspase-3–positive apoptotic cells had the
cytoplasmic morphology of the EACs, as pre-
viously described with other APMV-1 and
PPMV-1 isolates (14). Viral N protein was also
detected in the cytoplasm of cells in the center
of the ellipsoids. Double-labeled cells were bet-
ter visualized by the combined TUNEL-IHC/
NP. These results along with the finding of in-
creased numbers of apoptotic cells, especially in
the bursal follicles or thymic lobes where N
protein was more abundantly detected, confirm
that apoptosis is an important mechanism in
lymphoid depletion during NDV infection.
Similar results were reported with other avian
viral diseases including highly pathogenic avian
influenza (26) and infectious bursal disease vi-
rus in chickens (8,31). NDV-induced apoptosis
appears to be due to both direct and indirect
effects of viral infection. The simultaneous pos-
itive staining for apoptosis and viral N protein
is indicative of a direct effect of NDV causing
apoptosis of the infected cells. Indirect effects
have been suggested previously for NDV (30)
and for other avian viral agents (8,26,31) and
are presumed related to release of cytokines by
the infected cells.
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